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© Switch mode power supply with shortcircuit current limitation. 



© Switched power supply in which current mode 
control is performed and which includes an error 
amplifier (1) and an oscillator (2). 

This power supply also incorporates a differen- 
tial amplifier (3) connected to the oscillator (2) to 
change the frequency of oscillation in the event of a 
shortcircuit at the output. The differentia! amplifier (3) 
receives the output signal (Vo) from the error am- 
plifier (1). 

This output signal (Vo) from the error amplifier 
(1) is proportional to the output current delivered by 
the power supply such that when it exceeds a deter- 
mined value, the frequency of the oscillator (2) is 
reduced in order to limit the shortcircuit current to a 
lower value. 
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OBJECT OF THE INVENTION 

'■' ■ This indention concerns switched power sup- 
plied 1 in' which current mode control 1 is performed 
and which ihclude a current limiting device in the 
event of a shortcircuit occurring, that is based on 
jfn additional feature whereby the operating 7 fre- 
quency of such supplies is reduced when a shor- 
teireuit is detected across theiroutput terminals. '•- 

■ - ; It' 1 is particularly- applicable to power supplies 
which have' electrical isolation between the output 
stage and the previous stages! 1 ; , ; 

BACKGROUND TO THE INVENTION 

^he technique of ' reducing the working fre- 
quency of switched power supplies when a shor- 
tcircuit occurs at their outputs was known prior to 
the invention described in this docurhent. This can 
be seen, for example, in the Unitrode application 
notes "Linear integrated circuits data and applica- 
tions handbook", published in April 1990; page 9- 
302: " ■ /• • ' : " : ' 

: 1 "As is already known, the signal that drives the 
power stage in switched power supplies with cur- 
rent rridde control, normally consisting of a MOS- 
FET, is* a ;; square Wave signal whose duty- cyble 
d^ferrn'ine^ ; the outjput voltage or cuVfeht of ttfe Unit. 
Iri'the event of S sh6rtcirCu'it'at theWfput, the width 
of the pulse in the ! Square wave signal is reduced 
to the ' minimum, whereby the output current is 
limited to' a set value. Nevertheless, the j value : of 
this limit is usually insufficient and, in addition, is 
difficult to control because it depends dti many 
factors such as tolerances of the components used, 
delays in integrated circuit comparators, etc. 

Various forms exist of limiting the vaiue-of thte 
shortcircuit currdhi to a greater extent. One of the 
best known is to reduce the wdrking frequency, as 
already mentioned, while maintaining the square 1 
wave signal pu\$e widtrTat the-mimmurh value; in 
this way the mean value of the shortcircuit current 
is also 'reduced. 1 - - : 1 1 ' 1 1 : ' ' ' 

In the reference note already mentioned, in the 
figure on the left, it is possible' to see part of the 
integrated circuit UC3842A and the associated ex- 
ternal components thatt' constitute the oscillator 
(pihs 4 and 8 of the integrated' circuit, resistor R T 
and capacitor C T ). With the values indicated ' of Rt 
= 15 kn and C T = 1 nF, the working frequency is 
10*> kHz, as is indicated irV the table. 

r There is a further circuit consisting of a diode, ' 
the resistor Rf; the transistor Qi and the resistive 
divider connected to the output of the power sup^ 1 
ply, that is used to feed the base of the transistor 
Q1' and pin 2 of the integrated circuit UC3842A, 
and which in turn forms trie inverting input to the 
error amplifier 'used in the control circuit of the 



power supply. This additional circuit serves to 
change the frequency of oscillation of the bscillator 
since, in the event of a shortcircuit at the output of 
the unit, the transistor Q1 saturates, whereby the 

5 external components associated with the oscillator 
are altered. . 

In the figure on the right of the referenced 
note, the signal present on pin 4 of the integrated 
circuit can be seen; its frequency is 105 kHz in 

10 normal operation and 36 kHz in the event of a 
shortcircuit." 1 

Nevertheless, when the circuit includes isola- 
tion between the primary and secondary of the 
oUtrjut transformer, as is the usual case, an addi- 

75 tional isolating stage would be required between 
the : components mentioned, possibly prior to the 
transistor Q1. In this case the frequency of oscilla- 
tion would vary as the output voltage falls from a 
determined value, whereby in normal operation 

20 (without a shortcircuit at the output) it could arise 
that the frequency of oscillation also varies and 
produces major problems of stability. 

TECHNICAL PROBLEM TO BE OVERCOME 

25 ] ' ' " 

As a result of the foregoing, the technical prob- 
lem to be overcome consists in retaining the isola- 
tion between primary^ and secondary of the„ output 
transformer ih ; a shortcircuit current limiting circuit 
3d employing working frequency reduction, as well as 
in avoiding possible problems in stability produced 
by frequency modulation generated in the afore- 
mentioned shortcircuit current limiting circuit. 

35 CHARACTERISATION OF THE INVENTION 

To overcome' the problems mentioned above, 
the invention is characterised "'in that, in addition to 
the error amplifier and the oscillator circuit already 
40 included in a switched power supply with, current 
mode control, includes means for altering the fre- 
quency of oscillation of the oscillator circuit which 
are fed with an dOtput signal from the error am- 
plifier. 

45 It is also characterised in that the means for 

altering the frequency of oscillation of the oscillator 
include a differential amplifier whose output is con- 
nected to the oscillator mentioned and which gen- 
erates a current with a value that depends on the 
so difference between the output voltage of the error 
amplifier and a first reference voltage. 

1 it is ; also characterised in that the differential 
amplifier cdnsists of: ' 
1 - a first and a second resistance that form a 
55 resistive divider' that is 1 connected between 

the error amplifier output and a second refer- 
: ence signaC : , . ; ' - 
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- a third and a . fourth resistance forming an- 
other resistive divider connected between the 

: first reference voltage, and. the second refer- 
ence voltage, . 

a first transistor whose collector is connected 
to the passive network that determines the 
frequency of oscillation of thq oscillator, its 
base to the common node thatjpins the first 
and secpnd resistances, and. its emitter to a 
first node, 7 " 

- a second transistor whose collector is. con- 
nected to the first reference voltage, .its base 
to the common node that, joins the third and 

. fourth resistances, and its emitter to the first 
node, and. 

- a fifth resistance connected between, the first 
node and the second reference voltage; .' 

As, a consequence of the j invention, the power 
supply, with shortcircuit current limitation retains the 
same isolation between the. primary ; arid secondary 
of. the putput transformer that it would have, if the 
limiting was not present, without. requiring any ^addi- 
tional isolating stage. 

In addition, the possibility, of defining tye, refer- 
ence value after which the frequency of oscillation 
is abruptly reduced avoids potential problems -with 
stability. , ' / 



BRIEF FOOTNOJES TO THE FIGUBESj 



A more detailed explaniation of tfie invention 
can be found in the following, description of ; the 
invention based on the figures attached in which:, 

- figure 1 shows a block diagram of the parts 
of a, switched power supply involved. ,ip the 
invention, and r 

- figure, 2 shows a preferred implementation of 
. the differential amplifier according to/tjje. in- 
vention, included in figure 1 . 



DESCRIPTION OF THE INVENTION 



.DC 



.A switched power supply with, current node" 
control, as iri the case in question, includes in the. 
control part an . ( error amplifier 1 whose output volt- 
age Vo is proportional to the output, current of this 
power supply. An output current, is a^ defined 
that is considered to be r^aximurr^ in normal opera- 
tion anci that corresponds to an output voltage, yo 
of the error amplifier 1 and which is the paxirnum 
voltage in normal working conditions. \. ' '' ' 

, Another current, is also .defined, greater/than 
the preceding one, above which it is. considered 
that a shortcircuit exists and. vyhich : corresponds to 
an output vQltage r from the error amplifier .,1 of 
maximum value.. ' : 

As a result of ' this depend of the output 
voltage Vo of the error amplifier 1 on the output 



current of the power supply, this output voltage Vo 
is applied to one of the inputs of the differential 
amplifier 3, as can be seen from figure 1 , the other 
input of which is fed with a first reference voltage 
5 V 1 , such that it produces at its output a current I 
the v^lup of which i$ z§ro when the voltage on the 
base of the first transistor Q1. whjch is proportional 
to the output voltage Vo of the srror amplifier, 1, is 
less than the ; voltage, on the base of , ^he,, second 
w transistor Q2 which, injurn, is proportional to the 
first reference voltage, and which takes a deter- 
mined value when the. voltage on the base of the 
first transistor Q1 is greater than the voltage on the 
base of the second transistor Q2;; y 
'5 This current I from the differential amplifier 3 

alters, ,th£ oscillator circuit 2 in such a<way that its 
frpguepcy .diminish^ .with the object of reducing 
the , <iuty r cycle of the square wave signal that 
det<?rmi(pe$ r the , qutputs current from * the. switched 
20 power^sppply^ ;! . . ^ " 

The oscillator £ is an astabje circuit consisting 
of a passive RC ; network and, an associated active 
circuit 21 whereby the capacitor C is periodically 
charged through, the resistor, ,R and .directly and 
25 rapidly, discharged w v hen the voltage across this 
capecUor attains a certain value, \i \r) addition there 
is ^ smalj, current / S( th^t terjds Jo, discharge the 
cf pacijor . C ; ^^tioped,^ thg ..qh^rg/ng, time will be 
ipcr^ased, ^ut.rt^id^ remain 
3Q alrnQs^Ajnaffected. Jte pperatirag , frequency t wtll fall 
more and morp as , the yalu^ pf the current J be- 
comes grejater, however, this,, current I rrjust not 
exceed a ; critical valu«e above wh^h the oscillator 2 
will ceas$ tQ oscillate.* j 
35 The circuit r shown in figure 2 shows a preferred 

implementation jpfjjhe differentialj amplifier, 3, which 
consists, of. two- emitter r poj^led transistors Q1 and 
Q2 fprming a, differential pair., Jfy^ output vpltage 
Vq of the ; error amplifier t, with respect to a second 
40 reference voltage V2,Js applied; Jo a resistive di- 
vide^ <^nsjstirig of a firs} and second resistance 
R| ; ar)d $2, fr<prrx the. common ppint of which the 
signal that is applied to the base of the first transis- 
tor-pQl, is obtained. Similarly , the first reference 
45 voltage VI is japplied to .another resistive divider 
consisting of a third and a fourth resistance R3 and 
R4 with respect to tfte secorjd^efererjce voltage V2 
and frpm the ^ommoa point of, whichMhe signal that 
is app/ied to tfie base of the second transistor Q2, 
so is obtained. ,, . } 

The emitters pf u the two transistors Q1 and Q2 
are, .also joined to. one of.the extrqrpities of a fifth 
resistpr .^5 in a first -npcje tyl, the pther extremity 
bejng. 9onnqcted $ tye ^second t reference voltage 
55, V2., (yipr^pvpr, th e collector of- the second transistor 
Q2 i? f^nnep^d to* % , first, reference voltage VI , 
whi(e. the collec^r ( . of ,t)ie first transistor Ql is 
connected tp, \he . oscillator ,2 such that its f re- 
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quency of oscillation can be altered in accordance 
with the collector current of this first transistor Q1. 

In the normal operating mode (when there is no 
shortcircuit at the output), the voltage on the base 
of the second transistor Q2 is greater than that of 5 
the first transistor Q1 and the current flowing 
through the fifth resistor R5 comes only from the 
emitter current of the second transistor Q2, and 
consequently from the first reference voltage V1. , ■/ 

Nevertheless when the voltage on the base of 10 
the first transistor Q1 is greater than that on the 
base of the second transistor Q2, which occurs 
when the output current conditions of the unit ex- 
ceed the maximum defined value, then the second 
transistor Q2 is cut cjff and all the current flowing 75 
through the fifth resistance R5 comes only from the-: 
emitter of the first transistor Q1, this value being 
practically equal to that at its collector, which is v 
that taken from the oscillator circuit 2. ^ 

Under these conditions, the current I generated 20 
by the differential amplifier 3 takes a value that is 
approximately proportional to the output voltage Vo 
of the error amplifier 1 such that the frequency of 
oscillation of the oscillator 2 is given approximately 
by the expression: 25 

K.(V1 - (I.R)) 

Fosc : • - ' 

~ R.C 

30 

where K is a constant of proportionality that de- 
pends on the circuit. 

Claims 

35 

1. SWITCHED POWER SUPPLY WITH SHOR. 
TCIRCUIT CURRENT LIMITATION in which 
current mode control is performed and which 
includes an error amplifier (1) and an oscillator 

(2), characterised in that i,t also includes 40 
means for altering the frequency of the oscilla- 
tor (2) which are fed with an output signal from 
the error amplifier (1). ! 

2. POWER SUPPLY according, to claim r1, 45 
characterised in that the means for altering 

the frequency of the oscillator* (2) comprises a 
differential amplifier (3) which receives as in- 
puts the output signal (Vo) of the error am- 
plifier (1) and a first reference voltage (V1) and so 
whose output, which is connected to the os- 
cillator (2), generates a current (I) whos^r value. 
depends on the difference between the" output 
voltage (Vo) of the error amplififer (1) and. the 
first reference voltage (V1). 55 

3. POWER SUPPLY according to claim 2, 
characterised in that the differential amplifier 



(3) consists of: 

- a first and a second resistance (R1.R2) 
that form a resistive divider connected 
between the output (Vo) of the error am- 
plifier (1) and a second reference voltage 
(V2); 

- a third and a fourth resistance (R3,R4) 
that form another resistive divider con- 
nected between the first reference volt- 
age (V1) and the second reference volt- 
age (V2);/ 

- a first transistor (Q1) whose collector is 
connected to the passive network that 
determines the frequency of oscillation of 
the oscillator (2), its base to the common 

i: .node that joins the first and the second 
\ resistances (RJ.R2) and its emitter to a 
first node (N1); 

- a secoryJ transistor (Q2) whose collector 
is connected to the first reference volt- 
age (V1), its base to the common node 
that joins the third and the fourth resis- 
tances (R3.R4) and its emitter to the first 
node (N1 ); and 

- a fifth resistance (R5) connected between 
the first node (N1) and the second refer- 
ence voltage (V2). 
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© Switch mode power supply with shortcircuit current limitation. 



© Switched power supply in which current mode 
control is performed and which includes an error 
amplifier (1) and an oscillator (2). * 

This power supply also incorporates a differen- 
tial amplifier (3) connected to the oscillator (2) to 
change the frequency of oscillation in the event of a 
shortcircuit at the output. The differential amplifier (3) 
receives the output signal (Vo) from the error am- 



plifier (1). 

This output signal (Vo) from the error amplifier 
(1) is proportional to the output current delivered by 
the power supply such that when it exceeds a deter- 
mined value, the frequency of the oscillator (2) is 
reduced in order to limit the shortcircuit current to a 
lower value. 
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